The concept that oligomerization promotes autopronorthern blots revealed that ICEBERG is primarily excessing was originally proposed in studies where overpressed in the heart and placenta ( Figures 1B and 1C) . expressed zymogen was found to process itself to active The related CARD-containing molecules caspase-1 and protease (Gu et al., 1995) . Further studies suggested RIP2 are also expressed in the heart and placenta as that zymogen self-association occurs through the prowell as in numerous other tissues ( Figure 1B with their respective upstream adaptor molecules APAF-1, RIP2-CARD bound purified caspase-1 prodomain, confirming that the purified CARDs could directly bind (Fig-CED-4 , and FADD. The adaptor molecules function to concentrate caspase zymogens so that neighboring ure 4D, lane 2). The self-association of the zymogen form of caspase-1 upon overexpression was demonstrated molecules accurately process each other at internal Asp residues to generate the two-chain active enzyme (for using differentially epitope-tagged forms of the molecule ( Figure 3B , lane 1). However, in the presence of a review, see Salvesen and Dixit, 1999). RIP2/CARDIAK has been shown to bind and activate RIP2, caspase-1 self-association was enhanced and autoactivation evident as judged by generation of procaspase-1 (Thome et al., 1998). The ability of RIP2 and caspase-1 to physically interact was further charactercessed subunits ( Figure 3B , lane 2; Figure 3C ). This was further demonstrated using purified components (Figure ized to investigate if RIP2 mediated oligomerization of caspase-1 promoted its activation. 293T cells were tran-4E, lane 3). Therefore, RIP2 enhances the activation of caspase-1 by promoting its oligomerization in accord siently cotransfected with RIP2 myc-his and caspase-1 gD followed by immunoprecipitation with either RIP2 or with the induced proximity model. gD antibody. RIP2 bound caspase-1 quantitatively; the converse was also true ( Figure 3A) . To determine if the ICEBERG Inhibits the Ability of RIP2 to Oligomerize Caspase-1 interaction was through the CARD motif, RIP2-CARD was expressed as a fusion to glutathione-S-transferase
Given that oligomerization of caspase-1 initiates its activation, this step is likely to be highly regulated. To deter-(GST) and immobilized onto glutathione-Sepharose. The C-labeled protein samUnder these conditions, a weak association was observed between endogenous RIP2 and caspase-1 that ples at pH 3.8 (at pH values Ն 4.3, ICEBERG forms a gel at concentrations required for NMR structure deterwas significantly enhanced upon LPS activation (compare lanes 3 and 4, Figure 7B ). To detect endogenous mination). The final structure is based on a total of 1238 experimentally derived internuclear distance and dihe-ICEBERG complexed to caspase-1, metabolically labeled THP.1 cells were pretreated for 12 hr with LPS dral angle restraints. The structure of ICEBERG is well core of the domains ( Figure 1A ). There are several differences, however, in the packing of the cores, as well as in the loops between the helices and the lengths of the helices; in particular, helices H1 and H6 are significantly shorter in ICEBERG than in the other CARD structures. The surface of ICEBERG contains three highly charged patches ( Figure 9A ). Five basic residues from helix H1 (Arg7, Lys8, Lys9, Arg10, and Arg11), together with Arg55 from H4 and Lys86 from H6, form a positively charged patch on one surface. The opposite surface is predominantly negatively charged with acidic side chains contributed from the C-terminal ends of helices H2 (Asp27, Glu31, and Asp32) and H5 (Glu78 and Glu79); residues Glu33 and Asp80 might also be considered as part of this patch. A second negatively charged surface is found on the bottom of the structure, as presented in Figure 9A , comprising acidic residues from the H4-H5 turn (Asp45, Glu46, and Asp48) and Asp52 from H5.
A homology model of the prodomain of caspase-1 revealed a distribution of surface charge similar to ICEBERG, with a positively charged patch formed by residues from helices H1 and H4, and a negatively charged patch on the opposite surface formed by residues from helices H2 and H5 ( Figure 2C and data not shown). To gain some insight into these interactions we also built a homology model of RIP2 CARD ( Figure 9C ). RIP2 CARD has a defined by the data (Table 1) ; the covalent geometry is dramatically different surface charge distribution relaalso good with 84% of the φ, angles within the most tive to ICEBERG and caspase-1 prodomain. The posifavored regions of a Ramachandran plot for residues tively charged patch centered around helix H1 in both 5-89. The protein forms an antiparallel six-helix bundle ICEBERG and caspase-1 prodomain has been neutralwith Greek-key topology and a well-defined hydrophoized in RIP2 CARD, and, in addition, this face has a bic core (Figure 8) . Helices H1-H5 are ␣-helical while concave, negatively charged patch comprising residues H6 is a 3 10 helix; H1 is interrupted by a distinct kink at from helix H3, the C-terminal region of H4, and the residue Lys9. As expected based on sequence compari-N-terminal region of H5. Furthermore, the opposite sursons ( Figure 1A how much of the cytokine is produced. At low concen- further purified on a C4 reverse phase HPLC column using a water/ acetonitrile gradient in the presence of 0.1% trifluoroacetic acid.
ICEBERG (

ICEBERG Stable Cell Lines and Activation Assays
Caspase-1 prodomain fractions were next lyophilized and resus-ICEBERG was cloned into the pCEP vector (Invitrogen) and stable pended in the 7 M Gu-HCl solution as above. The protein was then clones made in 293T cells using standard molecular biology techdiluted to 2 M Gu-HCl at a protein concentration of 0.1 mg/mL with niques. For in vivo activation studies, cells were transfected and 50 mM NaH 2 PO 4 (pH 5.0), 0.1 M NaCl, 5 mM DTT, and 5 mM EDTA lysed in activation buffer as descibed previously (Stennicke and for refolding. Gu-HCl was removed by dialysis against the phosphate Salvesen, 1997). For in vitro activation studies, in vitro translated buffer. The protein solution was subsequently dialyzed into 0.1% caspase-1 was incubated in the presence of RIP2 with or without acetic acid, and concentrated by lyophilization. The yield of purified ICEBERG in a total volume of 40 l of activation buffer overnight at protein was ‫001ف‬ mg/L of cell culture. Electrospray mass spectrom-37ЊC.
etry was used to verify the identity of the proteins; both purified Cytosolic extracts for determining caspase-1 activity were pre-ICEBERG and the prodomain caspase-1 were found to lack the pared as described previously (Yamin et al., 1996) . Caspase-1 activ-N-terminal methionine residues. ity was measured in undialyzed lysate by the cleavage of the fluores-ICEBERG was biotinylated with Sulfo-NHS-Biotin (Pierce). Bindcent peptide substrate Ac-WEHD-AMC as described previously ing assays were performed by incubating 4 g of biotinylated (Thornberry et al., 1997) .
ICEBERG with the caspase-1 prodomain at 4ЊC overnight in PBS. 
